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USSR/Chenistry - Systers Feb 29 
Chemistry - Magnesium, System: Zine 


"Diagrammatic Structure and Mechunical Characteristics of the Mg~Zn System," 


Ye, M. Savitskiy, V. Vv. Baron, Inst Gen and Inorg Chem ineni N.S. Kurnakov, 
Acad Sei USSR, 4 pp 


"Dok Ak Nauk SSSR" Vol LXIV, No 5 re 643-6 4b 


Tried to obtain deformad serples, and to experiment with senples processed by 
pressure, as well as those in a cast skate. Placed particular stress on two points: 

(1) influence of the kinetics of establishing equilitriua in the form of a structural die- 
gram of Mg-2n, and diagram of conposition and reci.anival charecteristics, and (2) 

Study of the effect of temperature on tha mechanical characteristics of alloys 
enriched by intermetallic compounds. Submitted by Acad G. G. Urazov, 6 Dee 28. 
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Translation from: Referativnyy zhurnal, Metallurgiya, 1958, Nr 1, p 256 (USSR) 
AUTHORS: Savitskiy, Ye.M., Baron, VW 
aa 


TITLE: The Hardness and Ductility of Molybdenum- base Alloys 
(Tverdost' i plastichnost’ splavov na osnove molibdena) 


PERIODICAL: V sb.: Prochnost' metallov, Moscow, AN SSSR, 1956, pp 144-161 


ABSTRACT: An investigation is made into the properties and microstructure 
of cast Mo alloys with B, Si, Ti, V, Cr, Zr, Nb, Ta, and W added 
in quantities of 10 and 20 percent, and also of alloys containing up 
to 0.5 percent Al and upto 0.2 percent C. The specimens were 
smelted in an electric arc furnace in an Ar atmosphere. Hardness 
(H) was measured at room and elevated (1150°) temperature, while 
the ductility of the alloys was determined by upsetting specimens 
ina press. The H of Mo at 20° is increased 3-4 times by additions 
of B, Si and Zr. A considerable increase in H is observed on in- 
troduction of 15 percent Cr and 1 percent B. Additions of 1-20 
percent W do not increase the H of Mo. An insignificant increase 
in H is observed when V, Nb, and Ti (Ti+ 1 percent B) is added 
to Mo. At 1150°, the greatest increase in H is observed on ad- 

Card 1/2 dition of B, Si, and Zr to Mo. V, Ta, and Nb also significantly 
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The Hardness and Ductility of Molybdenum- Base Alloys 


increase the strength of Mo at 1150°. The least effect is caused by Ti and W. 
At 1150°, the reduction of H is greatest in alloys containing B, Si, Zr, V, 
and Ta when the content of these elements is up to 10 percent, when the Nb and 
Cr content is upto 5 percent, and with W upto 20 percent. The alloy contain- 
ing Ti has the greatest softening effect. Addition of K > 0.2 percent to Mo 
causes a pronounced reduction in the ductility of Mo, and when there is > 5 
percent B, the alloys become embrittled. The ductility of an Mo-Si alloy drops 
sharply when the Si content exceeds 0.32 percent, and it is zero at 3.5 percent 
Si. Alloys containing upto 5 percent Ti will take deformation without the 
appearance of cracks, but higher Ti content (20 percent) renders them brittle. 
The ductility of alloys diminishes with increasing Cr content (over 0.2 percent 
to 5 percent Cr), but beyond that it shows little change, whiie as Nb and Ta 
increase to 5 percent it increases, after which it undergoes a pronounced 

drop and is 5 percent at 20 percent Nb, and 24 percent at 10 percent Ta. 
Specimens containing 15-20 percent V fail under compression. Mo-W alloys 
will undergo 20 percent deformation without cracks (at 10 percent W and 1 
percent B). Bibliography: 16 references. 
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Author Savitskiv, ye Mo Baror. V.V. Tak is 
; —s . ars VV /.Usi¢ io 
Tret . Lastitute cf Metallurgy” Academy of Sciences USSR} Bw Gh, AN! ae 
Title - Concerzatg the Additiveness «f Mechanical Properties of Metallic Alloys 
and Mixtures 


Cr.g Fab : izv. Sektra fir -knir analiza IONKh AN SSSR, 1956, 27, 86-96 


Abstract Using the systems Mg-Si, Mg-Ge. Cu-Si, Al-Cu, Ni-Si, and Co-Si as ex- 
amples, it 1s show: that the mechanical properties of two-phase metallic 
alloy-mixtures depe1d substantially on the mutual distribution of the 
structure of components in these mixtures. The presence of a soft com- 
ponent (for example, a eutectic component), distributed over the boun- 
daries cf the s:11d4 phase, causes a sharp reduction in the hardness of the 
alloy. No additive dependence of the properties on the composition is 
observed in this case. If the soft component is located in the alloy in 
the form of isdividual inclusions and if the structure is in generally. 


broke. up the chsracter of the dependence of the properties on the 
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USSR/Sclid State Physics - Mechanical Properties of Crystals and E-9 
Polycrystalline Comprucds 


Ref Zhur - Fizika, No 2, 1957 No 3950 


compositic: is cleser tc additive. Sucha distribution of the components 
can be cbtar-7+] 1f there is a small difference in their melting points 
{Qu-Al\, particularly by het deformation of cast alloys; if the dif- 
ference in the meitiog temperatures is considerable (Al-Si, Mg-Si, Cu-Si), 
the meta) ceramic method is more effective. The mechanical properties 

er the C Al sljtys at higher temperatures approach additiveness to a 
Greater exte.c owing te the strong sortening of the Cu-Alo compound. 


woselid scl ot os bused or the Mg-Zn. Mg-Zn and Mg-Zrs compounds, the 
hardiess als. varies sinearly with the compoSition at ordinary and high 
Temperaty ss 
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PERIODICAL: T:. In ts metutiurgit AN SSSR 1957. Ne: pp id® j4e 

ABSTRACT- experamenc: vere condeceed on the sub-tlutien cra ocw 
melting compenent ip the alley. of Ai with Cul Ne. and S 
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crea.e the hardrzr: cf the elloy; 
Cf the plastic alloy: bur lowe: 
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created trom 57 kg/mm 


CU ulse@ intreaces ‘he *rength 

inin the case of the britu: alleys, 

“roy Cortrining 23 percent Si wa. in- 

» 40 kh/mm- by repuccing ‘he 

eutectic Sempconent omicschatdne.: 80 8. kg/mm: ) with on 

ienticn. al-Gy of Az wh Cy imierchardre:- 7.50 kg/mm.” ) 
4 y pert er¢ y H ~ eran “ ; 
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AUTHOR SAVITSKIY Ye.M., BARON V.V., IVANOVA K.N. 20-5-25/57 
TITLE Diagram of Molybdenum Recrystallization. 
(Diagramma rekristallizatsii molibdena -4ussian) 
PERIODICAL Doklady Akademii Nauk SSSR,1957,Vol 113, Hr 5,pp 1070-1072(U.S.S .2.) 
Received 7/1957 Reviewed 8/1957 


ABSTRACT Apart from other factors, the size of grain is known to influen- 
ce the mechanical properties of metals. In the case of molyb- 
denum this manifests itself with particular clearness. A britt- 
le and coarse-grained structure can be rendered more fine and 
uniform by a suitably selected heat treatment. In this way the 
materis] becomes more plastio and is better suited for cold treat- 
ment. Therefore the setting up of a recrystallization diagram for 
molybdenum, which contains the size of grain, degree of degree of 
deformation, and annealing temperature, is of particular interest. 
As hitherto this problem had been but little investigated, the au- 
thors carried out therecrystallization of rolybdenum of the first 
type. In order to obtain a uniform, fine initial structure, the 
material was several times forged at from 1600 to 12000.The total 
degree of deformation amounted to 96%. As a result of this treat-~ 
ment the very coarse and uneven structure Cisappeared. Forging at 
low temperatures led to the formation of texture. After annealing 
in the vacuum at 130° the samples had a polyhedric fine-grained 
structure with an average size of grain of about 22. - 25. On 

Card 1/2 the strength of these results it may be assumed that the hot for- 
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Diagram cf Molybdenum Recrystallization. 20-5-35/67 


ged molybdenum can be annealied up to 1400° after cold treat- 
ment at degrees of deformation of more than 20%. On this occasion 
the grain remains fine, Higher annealing temperatures lead to the 
formation of a coarse-grained structure after annealing. 

(23 illustrations, 1 table). 
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Savitskiy, Ye. M. , Baron, Ve V. ; Tylkina, HM. A. 
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The Phase Diagrams and Properties of Gallium and Thalliun 
Alloys (Diegranmy sostoyaniya i svoystva splavow galliya i 
talliya) 


Zhurnal Neorganicheskoy Khimii, 1958-Vol.3, Nr 3, ppo?63°775 
(USSR). 
WN 


The structural and physico-mechanical properties of the alloys 
io apne with silicon and germanium in all concentrations as 
wall as of gallium with antimony, manganese, copper and thal- 
lium with Lanthanum were investigated. The phase diagram of 
gallium with silicon is of an eutectic typs. All alloys con- 
sist of two phases. The aldition of silicon to gailium high- 
ly increases the hardness and the electric resistance of sili-- 
con. The phase diagram of gallium and germarium also is of am 
eutectic type. The eutectiscomposition mets at 29 C and has 
a gallium content of 99,45 % All alloys of this system possess 
metallic conductivity, 
The structure and the properties of the alloys of gallium and 
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antimony were examined for hardness microhardness, plast1- 
city, strength and electric resistance between 20 and 600 C. 
Alloys with 63,59 ~ 64,08 % antimony at room temperature 
have a maxinum electric resistance which decreases with a 
rise of temperature. This proves that these alloys possess 
properties of semiconductors. The structure and the proper: 
ties of the alloys of gallium with 50 . 86.3 % gallium were 
examined by microstructure, hardness, strength, microhard: 5 
ness and electric resistance at temperatures of “20--300 °C. 
The following compounds occur in the allovs: MgGa and Mg Gane 
Alloys in the domain of the compound MgGa show the highest 
hardness and the smallest strength and plasticity. The system 
gallium-copper with 15 ~ 85 % gallium was also investigated 
for nigrostructure, hardness, strength, microharcness and 
electrio resistance ..The results showed that by the addition 
of galliun to copper hardness. strength and electric re: 
sistance increase. but that the plasticity decreases. The 
electric resistance of the alloys increases with a rise of 
temperature. The phase diagrams and the properties of the 
alloys of galliun with germaniup, gallium with silicon and 
gallium with lanthanum were also investigated. Alloys between 
silicon and thallium do not occur. In the system lanthanun~ 
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~thallium the compound La,T) Occurs which possesses an high 
electric resistance and an high hardness. there are 15 
figures and 19 references. O of which are Soviet, 
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AUTHORS: Baron, V.V., Yefimov, Yu.V. and Savitskiy, Ye.M. (Moscow) 


TITLE: The Structure and Properties of Alloys in the Vanadiun- 
Molybdenum System (Struktura i svoystva splavov sistemy 
vanadiy-molibden) 


PERIODICAL: Izvestiya Akademii Nauk SSSR, Otdeleniye Tekhnicheskikh 
Nauk, 1958, Nr 4, pp 36 - 40 (USSR) 


ABSTRACT: A vanadium-molybdenum phase diagram has not been published 
so far. AS Mo and V have the same crystal lattices, 
similar atomic diameters and identical electron structures, 
it is possible to assume that these two elements form a 
continuous series of solid solutions. This assumption has 
been confirmed experimentally when measuring the lattice 
parameters of powder-metallurgical specimens of V-Mo. 
However, cast V-Mc alloys are reported to exhibit a second 
phase at between 10 and 60% Mo. 
No data on the physical and mechanical properties of these 
alloys exist. The authors have carried out an investi- 
gation of the structure and properties of V-Mo alloys, 
established their melting temperatures and constructed a 
phase diagram for then. = 

Cardl/4 Alumothermal vanadium, containing 95.5% V, 0.975 Al, 0.15% Fe, Sie 
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The Structure and Properties of Alloys in the Vanadium~Molypdenum Pe 
System 
0.2% C, 0.3% Si and a considerable auantity of oxygen, 
and molybdenum in the form of sintered rods, containing 
99.00% Mo, 0.075% C. 0.04% Fe and traces of Si and W, sesh ce 
served as raw materials. The alloys were prepared in an ea. 
are furnace, provided with an insoluble tungsten electrode, [i 
in a helium atmosphere. The voltage applied was 60 V om 
ana the current 1 OCO A, the electrode diameter beirg 5 mm. 
Each alloy was remelted four times in order to ensure @ven 
mixing, and each ingot weighed 60 to 70 €. Spectroscopic 
analysis of the alloys for impurities showed the presence 
of 0.01% each of Fe, Mn and Si and traces of Mg and W. 
The solidus and liquidus temperatures for alloys of various J 
compositions were determined and a phase diagram constructed & 
(Figure 1). This shows that all alloys are solid solutions. § 
The as-cast structures were examined and hardness values . 
determined. The Specimens were then homogenised by 
annealing for 10 hours at 1 600 ~C in vacuo. The micro- 
structures of the homogenised specimens were also examined 
and hardness, microhardness, plasticity under a compressive 
Card2/4 load and electrical resistance determined. Hardness was ep? 
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Ahe Structure and Properties of Alloys in the Vanadium-liolybdenum 
Systen 
measured under a 50 kg load for 30 sec, microhardness 
under a 50 g load. 
The microstructures of the cast alloys are shown in 
Figure 2. The alleys with up to 40% V are single~phased. 
The alloys with 30-60% V show dendritic liquation and these 
with 80-90% V have a finely dispersed precipitate with a 
coarse-grained background. After the homogenising treat-: 
ment (Figure 3) alloys with up to 60% V are single phased. 
Alloys richer in vanadium have coagulated particles 
(mainly A1,0;) in the grain boundaries and within the 


grains. Homogenisation also results in grain growth. 
Addition of vanadium to molybderum results in an increase in 
hardness. The alloys have a greater hardness before the 
homogenising treatment (Figure 4, Curves 1 and 2). The 
maximum hardness is 380 kg/mm for the as-cast allcys and 


315 kg/mm for the homogenised alloys. Microhardness 
(Figure 4, Curve 3) is higher and the maximum is 


Card3/4 675 kg/mm at 60-70% V. ‘The difference between the hardness 
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The Structure and Properties of Alloys in the Vanadium-Molybdenum 
System 
and microhardness values is due to the preparation of tae 
misrosections and the presence of the intergranular 
constituent. The hardness--composition curve is the normal 
type for metals forming unlimited solid solutions. 
The plasticity decreases with increase of the second 
component (Figure 4, Curve 4): especially in the region 


40 - 60% V where the tensile strength is 100 - 150 kg/mm. 
The greatest plasticity is shown by pure moiybdenan. 
The electrizal resistance-ccmposition curve at room 
temperature is shown in Figure 5. The curve is similar to 


the hardness curve with a maximum of 50 uQ/em at o% V. 

The results cbtained confirm that V and Mo form a continucus 
series of solid solutions. 

There are 5 figures and 7 referenses, 2 of which are Scviet, 
1 German and 4+ English. 


SUBMITTED: November 28, 1957 
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(Moscow) ee a at A 


v\ 
TITLE: | Structure and Properties of Niobldm-Tin Alloys 


PERIODICAL: Izvestiya Akademii nauk SSSR,0tdeleniye tekhnicheskikh = [RRM 
nauk, Metallurgiya 1 toplivo,1959,Nr 5,pp 138/J'+1 (USER) ae 


ABSTRACT: Metallo-ceramid niobium of the following composition i 

Twt %) was used as the starting material: Nb 98.1, ia 
Ta 1.2, Ti 0.15, Fe 0.085, N 0.2, C 0.03, 0 0.2, Si 0.04 
and Pb 5.10-3, and 0-1 tin (99.9% Sn). The alloys were 
prepared in an are furnace on a water-cooled copper 
hearth, using insoluble tungsten electrodes, in an 
atmosphere of chemically pure argon (0.6 atm pressure), 
As the boiling point of tin is lower than the melting 
point of niobium (2280° as against 2415 0C), considerable 
evaporation of tin occurred on melting. Thereforo, 50% ci. 
more tin was added to the charge than the calculated oa 
amount. The arc melting method enables niobium alloys os 
with any tin content to be prepared. The authors have ; 

Card prepared ingots of 22 alloys, weighing up to 40 g. The i 

1/6 Composition of the alloys is shown in Table 1. In order : 
to ensure a uniform composition the alloys were remelted 
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SOV/180-59-5-25/37 

Structure and Properties of Niobium-Tin Alloys 
several times. Alloys containing up to 30% tin were 
annealed in evacuated quartz double ampoules in a Silit 
furnace at 1100 °C for 50 hours. Alloys richer in tin, 
in view of their lower melting point, were annealed at 
200 °C for 100 hours. One part of the alloys 
(containing 85-100% Sn) were deformed by approximately 
60% by cold forging, prior to annealing. The limit of 
solubility of tin in niobium was determined by quenching 
and testing the microhardness, Water quenching of tha 
alloys was carried out in evacuated quartz double 
ampoules from the following temperatures: 800 °C, (after 
soaking for 100 hours) and 1100 °C (after soaking for 
50 hours). Quenching from 1400 and 2000 °C (after . 
soaking for 20 minutes) was carried out in an apparatus 
for measuring melting temperatures, quenching from 
1800 °C was carried out in the vacuum furnace TVV (after 
soaking for 3 hours). Sections for microscopic analysis 
were prepared by the usual method. Alloys containing up 
to 35% Sn were etched in a mixture of HNO: and HF ( cones) 
and those containing between 35 and 100% bn, in a 30% 
aqueous solution of HCl. The microhardness of the A 
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alloys was tested with a PMT-2 instrument, using a load 
of 20 g. The hardness of the alloys was tested ina 
Vickers hardness testing machine at a load of 5 kg. 
X-ray investigations of annealed alloys were carried out 
in a Debye camera with a Cu-irradiation, The melting 
temperature of the more refractory niobium-tin alloys 
was determined by the drop method, using an optical 
pyrometer. The temperature was measured at which the 
first drop appeared in the drilled-out centre bore of a 
specimen; the ratio between the depth and the diameter 
of the bore was approximately 4; this ensured 
practically absolutely black body conditions, The 
thermal analysis of less refractory alloys (between 30 
and 100% Sn) was carried out with a Kurnakov pyrometer 
which uses differential registration, in sealed quartz 
ampoules. In this case the highest measured temperature 
did not exceed 1000 °C, The determination of the rate 
of oxidation of the alloys was carried out on specimens 
of rectangular shape by measuring the gain in weight. 
The surface of the specimen was first ground on a fine 
emery paper. Then the specimens were placed in annealed 
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Structure and Properties of Niobium-Tin Alloys 
beryllium oxide crucibles and held there for one hour in 
air, On the basis of the results obtained, which are 
shown in Table 2, the thermal equilibrium diagram of the 
Nb-Sn system was constructed (Fig 1). Experimental 
results obtained in the investigation of the microstructure 
and measurements of the microhardness of the alloys are 
shown in Figs 2 and 3 respectively. It has been found 
radiographically that the parameter changes in the solid 
solution range are negligible, as the atomic radii of the 
two elements are very similar. Alloys containing more 
than 9.5% tin exhibit a second phase along the grain 
boundaries at room temperature (Fig 2g), consisting of the 


compound REgets which forms at 2000 °C in the peritectic 


reaction. his compound has a complex cubic structure of 
the 6-W type with a lattice parameter of a = 5,29 A, 

is very brittle and has a great microhardness (Hp = 

900 ke/mm2). A further increase in tin content leads to 
the appearance of a soft (Hyp = 10 kg/mm2), low melting- 
point tin-rich phase which melts at 232 °C, and 

subsequently to a separation of the alloy into the molten 
and solid states (Fig Ze, zh, and z) (see Table 2). a 
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No intermediate phases have been observed in the system 
by microscopic and X-ray analyses, The solubility of 
niobium in tin at the melting point of tin is less than 
0.1%. The hardness of alloys in the region of niobiun- 
base solid solutions increases from 150 kg/mm- (for 
niobium) to 300 kg/mm2 (at a maximum. tin content). In 
the 2-phased region the hardness continues to increase 
additively until the Nb2Sn, compound is formed, the 
hardness of which is 900 kg/mm@ (Fig +). The hardness of 
tin-rich alloys is close to that of tin (9 kg/mm@) and 
hardly increases with increase in tin content of up to 
20% due to the presence of a soft tin-rich phase. In 
Fig 5 the results of the measurement of the rate of 
oxidation of Nb-8n alloys in the concentration range of 
0-20% Sn on holding in air at 800 and 1000 °C for one 
hour, are shown, The results shown in Figs + and 5 show 
that the alloys in the solid solution range of tin in 
Niobium have a greater hardness and resistance to 
oxidation than pure niobiun. 

There are 5 figures, 2 tables and 6 references, of which 
1 is Seviet, 1 is German and + are English. 
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E071/E145 
AUTHORS: Baron, V.V., Yefimov, Yu.V., and Savitskiy, Ye... 


(Mosecwy— 


TITLE: (Aine Structure and Properties of Alloys of the Wap wiua- 
vifungsten System 


PERIODICAL: Izvestiya Akademii nauk SSSR ,Otdeleniye tekhnicheskikh 
nauk, Metallurgiya i toplivo, 1960,Nr 1, pp 70-74 (USSR) 


ABSTRACT: The microstructure, hardness, plasticity. strength and 
susceptibility to oxidation of vanadium-tungsten alloys 
in the whole range of concentrations was investigated. 
Tne folicwing starting materials were used: 
vanadium, 98.6% V, 0.3% C, 0.5% oxygen, 0.2% nitrogen, 
0.06% sulphur and less than 0.2% of metallic admixtures; 
tungsten, 99.95% Wo, 0.032% Mo, remaining oxygen and 
nitrogen. Acout 40 g samples of alloys were melted in 
an arc furnace with non~consumable tungsten electrodes in 
& medium of helium under pressure of 0.5 atm. In all 
cases the content of tungsten was 1% higher than in the 

Card starting charge. Cast alloys were anneaied at 1100 °C 
1/3 for 500 hours in double quartz sheaths, evacuated and 
sealed. Specimens for the investigation were prepared Vv 
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S/180/60/000/01/009/027 
EB071/E135 
The Structure and Properties of Alloys of the Vanadium-Tungsten 
System 
by ancds cutting with subsequent polishing. The 
solidus temperatures were determined by the drop method, 
metallographic and X~ray analyses by the usual methods, 
hardness by the Vickers apparatus, plasticity and 
strength on compression of specimens 4x 4 x 6 mm in a 
"Gagarin” press, and the susceptibility to oxidation on 
heating in air by the gravimetric method (increase in 
weight, or decrease in weight after mechanical or 
chemical removal of the scale formed). In some cases 
the scale was chemically analysed. On the basis of the 
results obtained the equilibrium diagram of the system 
yanadium-tungsten was constructed (Fig 1). Vanadium 
and tungsten form a continuous series of solid solutions. 
The solidus and liquidus curves possess a sharply 
expressed minimum at 4.5 av.% of tungsten equal to 
1635 °C, However, no transformations in the solid state 
Cara in allioyve. correspond ing to this sec vion oi the diagram, 
2/3 were observed. Small additions cf tungsten to vanadiun 
: (of the above quoted purity) cans an increase in 7 
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S/180/60/000/01/009/027 
EO71/E135 
The Structure and Properties of Alloys of she Vanadium-Tungsten 
System 
plasticity, a decrease in hardness and a small increase 
in the compression strength. Further increase in the 
content of tungsten causes changes in properties, 
characteristic for systems with continuous solubility 
in the solid state. Vanadium decreases the resistance 
of tungsten to oxidation. At temperatures between 700 
and 1100 °C all alloys as well as startin metals are 
strongly oxidised and require protection trig 3). The 
Microstructure of annealed vanadium-tungsten alloys is 
Gara shown in Fig 2. ; 
3/3 There are 3 figures and 2 references, of which 1 is 
English and 1 is German. There is also a table (p Tye 
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18.1200 £111/B452 

AUTHORS : Baron, V.V., Ivanova, K,N. and Savitskiy, Ye.M. 
“—tHostowy 

TITLE: Phase Diagram and Some Properties of Alloys of the 


oe Niobium-Molybdenum- -Vanadiuin. 


PERIODICAL: teveariya Akadémii nauk SSSR, jtderendye tekhnicheskikh 
nauk, Metallurgiya i toplivo, 1960, No.4, pp.143~149 
+ 1 plate 


TEXT: The microstructures in the as-cast and annealed states 
(Fig.1), hardness (Fig.2,5), melting points (table) were 
determined for the ternary Nb-Mo-V (and corresponding binary) 
systems. The solidus isotherms are projected on the triangular 
diagram and the corresponding binary fusion diagrams are- plotted 
in Fig.3. A continuous solid-solution range for the ternary 
system was found, The solidus-isotherms show that the fusion 
temperature of the alloys falls (from 2450 to 1800°C) as the 
vanadium rises, At the niobium corner of the diagram. alloys 
had the lowest hardness (105 to 220 kg/mm@). The oxidation of 
the alloys at 1000 to 1200°C was al:o studied: specimens were 
placed in crucibles pre-ignited to constant weight, the gain in 
Card 1/2 
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$/180/60/000/004/023/027 
E1l11/£452 
Phase Diagram and Some Properties of Alloys of the System 
Niobium-Molybdenum-Vanadium 
s heating in air being determined, The results 


weight for 1 hour?’ 
in Fig.2 and 4) indicated that the best 


(shown by curves tyn 


possessed in the binary systems by 
nd 15.4% Mo, 2.4% V (at 1200°C): and in 


h 5% Mo, 2.8% V and 5% Mo; 5.6% V. which 
i A common feature of all 


ous properties, 


Variation of scaling 
a relation, 


There are 5 figur 
3 Soviet and 5 English. 


SUBMITTED: April 1, 1960 
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AUTHORS : Savitskiy. Ye .M., Baron, VV. and Yefimov, Yu.¥, 


TITLE: Phase Diagram and Properties of Vanadium--Chromium 
Alloys : 


PERIODICAL: Akademiya nauk SSSR. Instatut metallurgii. 
Trudy, No.4, 1960. Metallurgiya. metallovedeniye. 
fiziko-khimicheskiye metody issledovaniya, pp. 230-235 


TEXT: The authors describe their work on the vanadium-— 
chromium phase diagram. ‘Their starting materials were: 
alumino-thermic vanadium (95.5¢: V. 1.0 Al. 0.15 Fe, 02 C, 0.3 Si, 
considerable concentration of cxygen) and electrolytically refined 
chromium (99.9% Cr. 0:02 Fe, 0.03 $1, 0.02 N. 0.002 H. 0:0023 QO), 
Alloys were arc melted (non-consumable tungsten clectrode) under 
helium, each ingot of 50 ¢ being remelted four times and analysed, 
Compositions of the charges and alloys are shown ain the first two 
main columns of a table. Selidus and ]2quidus temperatures were 
determined under argon in an apparatus constructed in the 
Laboratoriya splavov redkikh clementov IMET AN SSSR (Laboratory of 
Alloys of Rare Elements, IMET AS USSR) Specamens were heated by 
Card 1/4 
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ELII/E152 


Phase Diagram and Properties of Yanadium---Chromium Alloys 


currert from a type OC Y-40 (OSU~40) transformer, temperature was 
determined with an optical pyvrometer calibrated under similar 
conditions against melting points of pure nickel, titanium, 
Zirconium, niobium and molybdenum. Laquidus temperature was the 
reading when the specimen lost cohesion: the solidus, that when 
a hole drilled in the 4 x & x 15 mm specimen fused over. 

Curves 1 and 2 in Fig.1 show plots of these temperatures against 
wt.% Cr (the relatively low value for vanadium 1¢ due to 
impurities). Microstructure was studicd and hardness measured on 
the cast alloys and alloys amnealed for 160 hours at 1100 °C in 
evacuated quartz capsules and slowly cooled. The hardness (Hy, 
kg/mm?) results are shown in Fig.l; curves ITI and IV correspond 
to the cast and annealed states respectively, and curve V Saves 
hardness at 1000 °C (annealed alloys). Hardness was determined 
with a 50-kg load on a "pobedite™ cone in argon at the high- 
temperature which was measured With a Pt/Pt-Rb thermocouple. 
Electrical resistivity of annealed 4 x 4 x 15-20 mm Specimens was 
determined potentiometrically at room temperature, results are 
Card 2/4 
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Phase Diagram and Properties of Vanadium—Chromium Alloys 


shown in curve VI of ‘Fig.l. The work showed that a continuous 
range of solid solutions is formed. Increase in concentration 


of the second component produces a rise in both hardness and 
resistivity. 


There are 2 figures, 1 table and 3 English references. 
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$/078/61/006/001/009/019 
1KIZ 10 B017/3054 
AUTHORS : Baron, V. V., Savitskiy, Ye. KM. 
TITLEs Seausturecaea Properties of Niobium - Aluminum Alloys 


PERIODICAL: Zhurnal neorganicheskoy khimii, 1961, Vol. 6, No. 1, 
pp. 162 - 185 


. GEXT: The state diagram of niobium - aluminum alloys was studied by 
microscopic, thermal, and X-ray analyses, as well as by determinations of 
the micromelting point. Fig.1 shows the state diagram. Niobium of a purity 
of 99.0% (0.5% by weight of Ta, 0.02% by weight of Fe, 0.026: by weight of f 
Ti, and 0.02% by weight of Si) and aluminum of a purity of 99.99% were \X 
used as initial materials. Table 2 gives the melting points of the alloys. 
The hardness of the alloys was measured with a TMT-3 (PMT-3) instrument 
under a load of 20 g, and the electric resistance With a ji77e-1 (PPTN-1) 
potentiometer at room temperature. Stability to corrosion was tested by 
treatment with water vapor at 400°C and 300 atm overpressure during 
1000 hours. The follcwing three compounds were found by studies of the 
fine structure and determinations of melting points: NB Al, Nb,Al, and 


Card 1/4 


Gy . 
g 


APPROVED FOR RELEASE: 06/06/2000 CIA-RDP86-00513R000203710008-0" 


"APPROVED FOR RELEASE: 06/06/2000 CIA-RDP86-00513R000203710008-0 


88474 


Structure anc Preperties of Niobium - Aluminun ¢/078/61/606/00 :1/009/014 9 = 
Alloys 3017/3054 yX i 
\ ! 


Nbal,. Solubility of aluminum in niobium is about 6% by weight of 


aluminum at 2120°¢, and 4.5% at room temperature. A solubility of niobium 
in aluminum was not observed. By addition of niobium, aluminum grains 
become smaller; solid solutions are formed on the basis of compounds 
Nosh and NojAl. The compounds NbAl and NbAl, fcrm s eutectic at 


630 + 10°C. Nbal, and Al form a low-melting eutectic (656°C). Hardness and 


electric resistance of niobium rise with increasing aluminum content. 
Alloys of niobium and aluminum show increased staoility to water vapor at 
elevated temperatures and pressures (400 C, 300 atm overpressure). 
Compound Nb,Al is a superconductor with a transition temperature of 17 Ox, 


N. Ye. Alekseyev determined the superconductivity. There are 2 figures, 
2 tables, and 7 references: 1 Soviet, 1 US, 1 British, 1 French, and 
3 German. 
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Legend to Fig.1: a) = atom#; bd) = liquid; c) =a % by weight 


Card 4/4 


APPROVED FOR RELEASE: 06/06/2000 CIA-RDP86-00513R000203710008-0" 


"APPROVED FOR RELEASE: 06/06/2000 


tes = 


CIA-RDP86-00513R000203710008-0 


esi 


ae ea perepsE 
“> Ao pa POs ttd PR Pe 


Ra 

so 4al 
8/137/62/0G0/C03/107/151 
hC60/A101 


AUTHORS: Savitskiy. Ye. M.. Baron, V. V., Yefimov, Yu. V. 


TITLE: Study of the alloys vanadium-copper-carbon and vanadium-copper- 
aluminum 


PERIODICAL: Referativnyy zhurnal, Metallurgiya, no, 3, 1962, 8-9, abstract 3156 
("Tr, In-ta metallurgii., AN SSSR", 1961, no. 8, 120-127) 


TEXT: Aluminothermic V (96.5%), carbothermic V (985), and electrolytic Cu 
mark [10 (MO) were taken as the starting materials, The alloys with Al were 
charged with an addition of Cu to the alumothermic V, and addition of C in the 
carbothermic V, The alloys were smelted in an are furnace in a He atmosphere, 
nomogenized at 1,000°C for 100 hours, and investigated by the methods of thermal, 
microscopic and X-ray structure analyses and by the measurement of the mechanical 
characteristics, Tne vertical sections were constructed of the V vertex of the 
system V - Cu - Al and V - Cu - C at a constant composition of 1.5% Al and Cc, 
Tne solubility of Cu in the aluminothermic V at 20°C is about 7.5%, and as the 
temperature increases so does the solubility, reacning a maximum (9.4% Cu) at 
1,530°C. In the system V-Cu-Al one observes a wide region of lamination in 
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the liquid and the solid states, beginning at about 16% V. The monotectic e 
temperature is equal to 1,530°C. The melting temperature of V in Cu is 1,120 °C, 
The limiting solubility of Cu in alloys V-C at room temperature is about 1%, 

and at 1,575°C ~ about 3.5%. The addition of C raises the temperature of 
monotectic equilibrium from 1,530 to 1,575°C and extends the region of immisci- 
bility, The lamination in V-Cu-c alloys is observed beginning from 11% Cu, Cu 
raises the hardness and lowers the ductility of V. In V-Cu-c alloys a second 
V-phase was found with a hexagonal lattice; one Supposes that it is the 7-~ phase. 
“nere are 8 references. : 


Z, Rogachevskaya 


fAbstracter's note: Complete translation] 
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8/137/62/000/C03/10G/191 
. AO60/A1G61 
TEP LES 
AUTHORS: Baron, V. V., Agafonova, M. I., Savitskiy, Ye. M. 
Structure and characteristics of alloys or the niobium vertex of the 
niobium-vanadium-aluminum system 


PERIODICAL: Referativnyy zhurnal, Metallurgiya, no. 3, 1962, 9-10, abstract 3162 
("Tr, In-ta metallurgii, AN SSSR", 1961, no. 8, 269-277) 


TEXT: A study was inade of the Nb vertex of the Nb-V-ALl system at a content 
of up to 10% V and Al. The alloys were smelted from alumothermic V (56.53), 
metalloceramic Nb (99.1%) and Al (99.99%) in an are furnace in a He environment, 
were annealed at 1,100°C for 50 hours and hardened in the TA: -2 (TVV-2) furnace 
at 1,600°C, Tne investigation was carried out by the methods of thermal micro- 
scopic, and X-ray structure analyses, hardness measurements, microhardness 
measurement, fire-resistance determination, The smelting temperature of the 
alloys was determined by the drop test method, The isothermal section of the Nb 
vertex of the Nb-V-Al system at 20°C and the vertical section at a ratio of 

Vi; Al = 1,4 were constructed, At a content of 4% V in Nb at room temperature up 
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to 6% Al can be dissolved. V and Al raise the fire-resistance of Nbd which is 
maximum in alloys with 3 - 86 V and ~/1% Al and 1.8 - 2.2% V and 3.2 - 4.8% Al. 
There are 7 references, 


Z, Rogachevskaya 


fAbstracter's note: Complete translation] 
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AUTHORS ; Ssvitskiy, Ye. M., Baron, V. ¥V., Khotinsxaya, A. N. 


a 


TITLE: Phase diagram of the system niobium-nalladium 


PERTODICAL: Ziyurnal neorranicheskoy khimii, v. o, no. 171, 1961, 
2603-2605 


TEYT: The present paper deals with the examination of hardly fusible 
alloys on the basis of hardly fusible rare metals and precious metals, 
The phase diagram of the system Nb-Pd was determined (Fig. 2a). ‘The 
compound Nb,Pd forms on the basis of the peritectic reaction 


Lliqu +B = Nb,Pd (8 = solid solution based on Nb) at 1650 25°C, It has a 


tetragonal c-phase crystal lattice, The lattice constants are: 
az=0.98 A, c = 3.171 R; c/a = 0.52. [Abstracter's note: One of the data 
giver. for a, c, and a/c is wrong. From a and c it follows that c/a=5.2.] 


7 : 2 : ; . 2 
The hurdness of Nb Pd is 578 ka/mn » and its microhardness is 045 ke/mm F 


The compound 1s brittle. The Xurnakov compvound Pd,Nb forms from the nelt 
: 3 
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at 1700°C. The crystal structure of this phase is beins studied by 
Ye. I. Gladyshevskiy and P. I. Kripyakevich. Hardness is 225 ke/mm 


microhardness 321 kg/mm’. The existence of these compoands is expressed 
in the curves plotted for the various properties of the alloys: thermo 
emf (Fiz. 26), hardness (Fig. 26), and oxidation rate (Fig. 2%). There 
are 2 fisures and 3 references: 1 Soviet and 2? non-Soviet The two 
references to English-language publications read ag follows: 

P. Creenfild, P, Beck, Trans. AIME, 206, 265 (1956); 4. c. Knapton,. 

J. of the Less Common Metals, 2, 113 (7960) 


ASSOCIATION: Institut metallurgii Akademii nauk SSSR (institute of 
Metallurgy or the Academy of Sciences JSSk) 


SUENIOTED March 11, 1963 
Fie. 2. System Nb-pd. C:) crnge liagranm; (6) absolute thermo-em?; 

\ ’. * 5 A ewes 
(6) Vackers hardness oi "tered samples; (4) oxidation rate at Toads, 
Legend: (7) atoms’ of eens liquid; ut) therro-emr, wVSPGs (a) Nyy Keyims 


(4) oxidation rate, Meron Stats Cro Niue 2 by weoaedit 
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AUTIIGRS : Savitskiy, Ye.M., Baron, V.V., and T'Ao Tsu-Tsung 
Moscow) 


TITLE: effect of rare earth metals on the ductility of 
cast molybdenum 


EFERILODICAL: Akademiya nauk SSSR. Izvestiya. Otdeleniye 
tekhnicheskikh nauk. Metallurgiya i toplivo. 
no.l, 1962, 156-159 + 1 piate 


TEXT: The effect is examined of individual rare earth 
metals on the ductility of cast molybdenum, AS starting 
materials were used technically-pure molybdenum (99, 9%. purc), 
Mischmetall, lanthanum, praseodymium, neodymium, gadolinium and 
ittrium, the addition range being of 0.2-5% by weight. Test 
alloys (60 g) were prepared in an arc-furnace with a non- 
consumable electrode, in the atmosphere of helium under a 
pressure of 250 mm iig. In order to ensure homogeneous 
composition, each test alloy was re-melted three times, The 
specimens were vacuum-annealed at 1450 °C for one hour, after 
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which they were subjected to chemical analysis, examined 
microscopically, tested for hardness and investigated with 
regard to the transition temperature into the brittie state. 
According to chemical analysis, 80 to 90% of the rare-earth 
metals added to the initial charge are lost through evaporation, 
Microscopic examination revealed that the grain size of cast Mo 
is not affected by the addition of rare-earth metals, Test 
results are reported in detail and show that small additions of 
Mischmetall, lanthanum and cerium { < 0.15%) lower the Vickers 
hardness of cast molybdenum from 175 to 150 kg/mm2, At 
comparatively high additions (> 0.15%) of the rare earth metals, 
traces were observed of a second phase but no reduction in the 
hardness of molybdenum, The transition temperature into the 
brittle state in cast molybdenum was found ta drop sharply at 
low additions of Mischmetall, lanthanum and cerium, but this 
trend was reversed when the quantity of the addition was increased 
(more than 0.154). The highest improvement in the ductility of 
molybdenum was achieved by the addition of lanthanum, The 
transition temperature of Mo - 0.1% La alloy is close to room 
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temperature, i.e. it is about 500 CC lower than that of 
commercially-pure molybdenum, The transition temperature of Mo 
alloy with 0.01-0.03{ Nd or Pr igs below room temperature. 
However, with 0.07% kr, the transition temperature rises to 

hou °C; this is explained by the appearance ot the second phase. 
The transition temperature of Mo-0.01) Gd alloy is 136 °C, rising 
to over 660 °C with an increase of Gd content to G.15%. 
Similarly, small additions of Y lower the hardness and transition 
temperature of cast Mo, although to a lesser degree than other 
rare-earth metals. The transition temperature of Mo-0.15% Y 
alloy is above 600 °C. The effect of small additions of 
praseodymium on the hardness and transition temperature of cast 
molybdenum is analogous to those of Mischmetall, lanthanum and 
cerium additions. The prasecedymium and neodymium concentrations 
in the alloys possessing the jowest transition temperature into 
the brittle state are lower than the corresponding contents of 
the other rare-earth metals here examined. The authors conclude 
that small additions of Mischmetall, lanthanum, cerium, 
praseodymium and neodymium lower the hardness and especially the 
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ductile-to-brittle transition temperature of technically-pure 
cast molybdenum. This eftect is ascribed to a refining action 
of rare earth metals on the penetration type (interstitial) 
impurities in molybdenum in consequence of a high chemical 
reactivity of rare earths. The appearance in the alloys of a 
second phase leads to a reverse effect, iee,. the transition 
temperature is increased. The addition of 0.08% La, 0.01) Nd 
and 0.03% Pr to cast molybdenum was found to have the greatest 
beneficial effect on its ductility and reduces its transition 
temperature by about 500 °C. Attempts to cold-roll specimens 
of this molybdenum failed, however. The solubility of rare- 
earth metals in molybdenum was found not to exceed O. Ls. 

There are 5 figures and 1 table. 


SUBMITTED: July 2; 1961 


Effect of rare earth metals on ... 


Cara 4/4 


APPROVED FOR RELEASE: 06/06/2000 CIA-RDP86-00513R000203710008-0" 


"APPROVED FOR RELEASE: 


06/06/2000 CIA-RDP86-00513R000203710008-0 


As LADS 
stale 


5/180/62/000/002/012/018 
; EO40/E535 
PIASS 


AUTHORS : Savitskiy, Ye.M., Baron, V.V. and Ivanova, K.N. (Moscow) 
eee eae ee 
SITLEs Melting diagram and some properties of niobium- 
molybdenum-tungsten alloys 


PERIODICAL: Akademiya nauk SSSR. Izvestiya. Otdeleniye 
tekhnicheskikh nauk. Metallurgiya i. teplivo, no.2, 
1962, 119-125 


In spite of the fact that the structure and properties 
of the. ternary Nb-W-Mo alloys are of a considerable practical 
interest because of the good refractory characteristics of the 
constituent elements, practically no studies have been made in 
this field, with the exception of investigations of the phase 
equilibrium composition diagrams of the binary alloy systems 
involving the same three elements. The purpose of the present 
investigation was therefore to construct the phase equilibrium 
diagram of the Nb-Mo-W system and to examine the propertics of 
some of its alloys. As the starting materials Nb (99,5% pure), 
“o (99.99% pure) and tungsten (99.9% pure) were used. The test 
alloys were prepared by the arc-melting technique in a furnace 
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with a non-consumable tungsten electrode in an atmosphere of 
purified helium under a pressure of 400 mm Hg. To ensure 
equilibrium conditions, the test alloys were re-melted four to 
five times. The composition of the test alloys was controlled by 
weighing,and chemical analysis was resorted to only if the 
difference in the weight of the specimens differed by more than 
0.:-0,63 from the weight calculated for the required compositions, 
The cast specimens were homogenization annealed at 1000°C for 


5CO nours in evacuated quartz ampoules, The etchants used, were re; 
the sane as for pure metals except that the concentration was wt 


adjusted to suit the test alloy examined. Niobium was etched with 
a mixture of hydrofluoric and nitric acids, molybdenum with a 
mixture of sulphuric and nitric acids and tungsten by means of a 
mixture consisting of potassium ferrocyanide, caustic soda and 
water. Lattice parameters of crystals of the ternary solid 
solutions were determined by means of X-ray analysis on specimens 
cnnealed at 1000°C for 2000 hours and quenched from the same 
temperature. Measurement of hardness at room and elevated 
temperatures (1000°C), as well as microstructural analysis, were 
Card 2/4 
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carried out on specimens of alloys from the Nb-Mo-W corner with 
constant molybdenum concentrations of 5, 10, 20, 30, 40, 60 and 
75 weight %. In the cast state, the alloys had the character- 
istic dendritic structure of solid solutions; in the annealed 
state they were single-phase. No new phases were observed after 
annealing. On the basis of microstructural analysis of the 

‘as cast' and annealed specimens, determination of the melting 
points and X-ray examination data, the melting diagram was 
constructed of the Nb-Mo-W system. The existence was established 
of an unlimited solubility of the components of the system in 
the liquid and solid states. Isotherms of the solidus alloys 
showed that the melting temperature drops from 3200°C to 24%0Q0°C 
with decreasing tungsten concentration in the alloys. In the 
concentration range investigated, the alloys containing about 
70-903 Nb (remainder Mo and W) were found to have the lowest 
drop in strength at 1000°C. The highest resistance to oxidation 
was found in binary niobium-base alloys with 10-15% Mo and 
15-30% W (by weight). The highest resistance to oxidation among 
the ternary alloys was shown by niobium-base alloys containing 
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not more than 20 wt.% W and 10 wt.% Mo. ConsequentjJy, the most 
promising and most refractory alloys for service in the 
tellperature range up to 3200°C are the alloys in the niobium 
corner of the Nb-Mo-W ternary system, Thore are 6 figures, 
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AUTHORS: Savitskiy, Ye.M., Baron, V.V., and Yefimov, Yu.V. 
(Moscow) —— ee 


TITLE: The effect of cerium on plasticity of vanadium 


PERIODICAL: Akademiya nauk SSSR. Izvestiya. Otdeleniye 
tekhnicheskikh nauk. Metallurgiya i toplivo, 
no.3, 1962, 107-113 


TEATS The object of the present investigation was to explore 
the possibilities of achieving the removal of N, 0 and S from 
vanadium and thereby improving its placticity, by addition of 
cerium to vanadium melts. Both alumino- and carbo-thermic 
vanadium was used in the preparation of experimental samples 
(10-15 ¢ in weight), which were melted in a tungsten arc furnace 
with water-cooled copper hearth in an atmosphere of pure helium 
at 0.9 atm. The proportion of cerium added varied from 0.2 to 
507) wt. Each sample was remelted four times to ensure : 
homogeneity of the metal. The buttons obtained in this manner 
were mechanically descaled and the vanadium-rich layer, separated 
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from the cerium layer, was used to conduct chemical and gas 
analyses, metallographic examination, hardness measurements, 
compression tests and cold rolling tests. The conclusions were 
as follows. 1) Cerium has limited solubility in both solid 

and liquid vanadium. The liquid miscibility gap begins at 
0.2-0.3 j wt. Ce, and the solid solubility of Ce in V is less 
than 0.1 % wt. 2) Addition of Ce to V melts brings about a 
considerable decrease in its oxygen, nitrogen and sulphur content 
and causes a corresponding improvement in its plastic properties.. 
This is demonstrated in Table 3, where some data for Ce-treated 
carbo-thermic vanadium are given. It should be pointed out that 
complete purification of the melt cannot be achieved in one 
operation since a state of equilibrium is reached between Liquid 
vanadium, cerium, and the slag; further decrease in the oxygen 
content in vanadium can be attained only by repeated removal of 
slag and addition of cerium until the required degree of purity 
of the melt is attained. Sample melt in Table 3 underwent five 
such operations. 3) The carbon and metallic impurities content 
in vanadium is not affected by Ce additions. 4) When large Ce 
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weakens, or even breaks, the arc 
(500-600 g) batches of vanadium are treated. 
There are 3 figures and 6 tables, 


SUBMITTED: September 18, 1961. 
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B110/3138 
AP. 12 EC 
AUTHORS: Savitskiy, fe. M., Baron, Vv. V., Yefimov, Yu. V. 
TITLE: Constitution diagram of the vanadium - curium system 


PERIODICAL: Zhurnal neorganicheskoy khimii, v. 7, no. 3, 1962, 701 - 703 
‘EXT: The constitution diagram of the vanadiuia - cerium systen with up 
to 50, by weight cerium was investigated by macrostructural, micro- 
structural, thermal, and X-ray diffraction analyses, and by microhardnese 
tests. Carbothermic V (99.766%) and metallic cerium (98.8):) were fused 
in an electric arc furnace in He atmosphere at 0.9 atm. Alloys with up 
to 1 by weight of cerium were annealed for 100 hrs at 1100°C, and those 
with higher Ce content for 200 - 250 hrs at 750°C. A second cerium-rich a“ 
layer appeared at 0.2 - 0.3% of Ce. The vanadium-rich layers were single- 
phase. Ce was only slightly soluble in V (maximum 0.1%) and independent 
of temperature. Measured on a |[MI-3 (PNT-3) apparatus at 100 g micro- 
hurdness increased from 150 to 165+~170 kg/mm* when 0.05 - 0.1% Ce was added 
Using the drop method of measuring melting point (Izv. AN SSSR, Otd, teknn. 
ney no» 4, 36 (1958)) the monotectic equilibrium point was found to be 
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Close to the melting poirt of ¥ (1885 + 15°C). V raises.the neltinz point 
of Ce by only 5 - 7°C, apparently forming a peritectic, and lowers the 
temperature of the polymorphous Y— 5 Ce transformation by 20-25°C, The 
fusion of commercial V, containing 0. and Ny impurities, with Ce reduces 
hardness and increases ductility in the cola state by reducing the 0, and v4 
N rmation. There are oy 
2 figures and 4 references: 3 Sovict and 1 nen-Soviet. 
the English-language publication reads ag follows; 
R. H. Read, W. Rostoker. Fhase relationships in sele 


Vanadium ~ base alloys systens. Armour Research Fou 
Institute of Technology. 
January 1960. 


p* Ce-refined V can be cold-rolled up to 95% defo 
The reference to 
S. A. Komjathy, 


ected binary and ternary 


ndation of Illinois 
Wade Technical Report 59 - 483, p. 6 - 15, 


SUBNITTED; September 16, 1961 
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